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(54) Optical communications module and method for mounting optical communications module 



(57) An optical communications module for use in 
an optical transfer system for bidirectionally transferring 
a light signal through an optical fiber, the optical com- 
munications module having a light signal transmission 
capability, wherein the optical communications module 
includes: a semiconductor laser; an optical fiber cou- 
pled to a front facet of the semiconductor laser; a light 
splitting element for splitting light which is emitted from 



the front facet of the semiconductor laser and propa- 
gated within the optical fiber; and an output-monitoring 
photodiode for receiving a portion of the light which has 
been split by the light splitting element as monitoring 
light, and generating a photocurrent based on the mon- 
itoring light, the photocurrent being used for controlling 
optical output of the semiconductor laser. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION: 5 

[0001] The present invention relates to an optical 
communications module for use in an optical transfer 
system for bidirectionally transferring a light signal 
through an optical fiber, the optical communications 10 
module having a light signal transmission capability or a 
light signal transmission/reception capability; and a 
method for mounting an optical communications mod- 
ule. More particularly, the present invention relates to an 
optical communications module capable of utilizing a is 
portion of light which is emitted from a front facet of a 
semiconductor laser device and is coupled to an optical 
fiber as monitor light so as to generate an optical output 
control signal; and a method for mounting such an opti- 
cal communications module. 20 

2. DESCRIPTION OF THE RELATED ART: 

[0002] In recent years, there have been proposed 
various optical subscriber network systems for transfer- 25 
ring multi-channel video information and/or data from a 
central station to households, and ways for putting such 
systems to practical use have been studied. Such a sys- 
tem requires each household to install a plurality of opti- 
cal reception modules as well as an optical transmission 30 
module having a light emission capability or a light 
emission/reception capability. A plurality of optical 
reception modules are necessary for simultaneously 
receiving different types of light signals which are trans- 
mitted across a wavelength division multiplexing optical 35 
network system. Therefore, there is always desired a 
cheaper and higher-performance optical reception mod- 
ule. On the other hand, an optical transmission module 
is necessary for transmitting requests and/or data from 
each household to the central station. Therefore, there 40 
is always desired a cheaper, smaller, and yet higher- 
performance optical transmission module. 
[0003] Furthermore, an optical communications 
module for use in such systems, having a light signal 
transmission capability or a light signal transmis- 45 
sion/reception capability, needs to be designed so as to 
be installable in any desired place. Specifically, an opti- 
cal communications module is required to have excel- 
lent temperature characteristics for greater flexibility in 
the selection of installation locations. In particular, the so 
tracking error characteristics with respect to optical out- 
put are very important to the stable transmission of sig- 
nals. 

[0004] An example of an optical transmis- 
sion/reception apparatus for the aforementioned pur- ss 
poses is disclosed in the proceedings of the Institute of 
Electronics, Information and Communication Engineers 
Spring Conference in Japan, 1997, SC-3-3. Figure 13 is 



a plan view showing an optical transmission/reception 
apparatus 800. 

[0005] First, the structure of the optical transmis- 
sion/reception apparatus 800 is described. At a com- 
mon port 88 and an output port 89 on a PLC (Planar 
Lightwave Circuit) substrate 81 , external transfer paths 
(optical fibers) 90a and 90b are coupled to PLC 
waveguides 91a and 91b, respectively. The external 
transfer paths 90a and 90b are disposed in a fiber con- 
nection block 87. At a WDM (wavelength division multi- 
plexing) filter 85, the PLC waveguides 91 a and 91 b are 
combined into a PLC waveguide 91c, which is again 
split into PLC waveguides 91 d and 91 e at a Y-juncture 
86. The PLC waveguides 91 d and 91 e are coupled to, 
respectively, a photodiode element 83 for a 1.3 [am 
wavelength band and a semiconductor laser device 82 
for a 1 .3 inm wavelength band. According to this tech- 
nique, the semiconductor laser device 82 is equivalent 
to an optical communications module having a trans- 
mission capability, and the photodiode device 83 is 
equivalent to an optical reception module. Behind the 
semiconductor laser device 82, a waveguide-type pho- 
todiode 84 for optical output monitoring purposes is pro- 
vided on the PLC substrate 81 . The conventional optical 
transmission/reception apparatus 800 is thus con- 
structed. 

[0006] The optical transmission/reception appara- 
tus 800 receives light in the following manner: First, mul- 
tiplexed light including a 1.3 |im wavelength component 
and a 1 .55 jum wavelength component is input from the 
external transfer path 90a to the common port 88. 
Among the two light components, the light component 
of the 1.55 jum wavelength band is reflected by the 
WDM filter 85 so as to be output to the external transfer 
path 90b via the output port 89. The other light compo- 
nent of the 1.3 wavelength band is transmitted 
through the WDM filter 85 and split at the Y-juncture 86 
so as to be received by the photodiode device 83 for the 
1 .3 ^im wavelength band. 

[0007] The optical transmission/reception appara- 
tus 800 transmits light in the following manner: The light 
which is emitted from the front facet of the semiconduc- 
tor laser device 82 for the 1.3 wavelength band 
(which is a transmission light source) is optically cou- 
pled, without using any lens system, into the PLC 
waveguide 91 e and propagated therethrough. This light 
undergoes an attenuation at the Y-juncture 86 in 
accordance with its branching ratio, and thereafter is 
propagated through the PLC waveguide 91c. Next, this 
light is transmitted through the WDM filter 85 and output 
to the external transfer path 90a via the common port 
88. 

[0008] Herein, the "front facet" of the semiconduc- 
tor laser device 82 refers to a face which is optically cou- 
pled to the waveguide 91 e. A "rear facet" refers to the 
opposite facet of the semiconductor laser device 82. 
[0009] The above-described configuration of the 
conventional optical transmission/reception apparatus 
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800 is suitable for surface mounting, utilizing passive 
alignment, except for the junction portions between the 
external transfer paths (optical fibers) 90a and 90b and 
the common port 88 and the output port 89 on the PLC 
substrate 81 . 5 
[0010] In accordance with the conventional optical 
transmission/reception apparatus 800 shown in Figure 
13, a signal which is utilized for optical output control is 
obtained by the use of the optical output-monitoring 
waveguide-type photodiode 84. Specifically, the light 10 
which is emitted from the rear facet of the semiconduc- 
tor laser device 82 is received by the optical output- 
monitoring waveguide-type photodiode 84, and a photo- 
current which is generated responsive to the received 
light is utilized as a signal for optical output control. 15 
[0011] In accordance with the conventional optical 
transmission/reception apparatus 800, it may be difficult 
to equalize the temperature characteristics (front facet 
temperature characteristics) of the coupling efficiency 
between the semiconductor laser device 82 and the 20 
PLC waveguide 91 e with the temperature characteris- 
tics (rear facet temperature characteristics) of the light- 
current conversion efficiency of the optical output-moni- 
toring waveguide-type photodiode 84 receiving the light 
which is emitted from the rear facet of the semiconduc- 25 
tor laser device 82. This may lead to deterioration in the 
tracking error characteristics. 

[001 2] Examples of semiconductor laser devices for 
use in the above-described class of optical communica- 
tions modules include spot size conversion laser 30 
devices and narrow divergence angle laser devices. In 
general, the radiation angle of laser light which is pro- 
vided by a semiconductor laser device is known to have 
some dependency on the temperature of the semicon- 
ductor laser device. Furthermore, the radiation angle- 35 
temperature characteristics of the laser light which is 
emitted from the front facet of a semiconductor laser 
device (hereinafter referred to as the "radiation angle- 
temperature characteristics on the front facet") may 
have discrepancies with the radiation angle-tempera- 40 
ture characteristics of the laser light which is emitted 
from the rear facet of the semiconductor laser device 
(hereinafter referred to as the "radiation angle-tempera- 
ture characteristics on the rear facet"). In particular, 
semiconductor laser devices such as narrow diver- 45 
gence angle laser devices, which provide an enlarged 
spot size by employing an active layer having a tapered 
configuration, are likely to have some discrepancies 
between the respective radiation angle-temperature 
characteristics on the front facet and the rear facet in a so 
relatively wide range of temperatures, e.g., about -40°C 
to about 85° C. In the case of conventional optical trans- 
mission/reception apparatus which utilizes the light 
emitted from the front facet as a transmission signal and 
which utilizes the light emitted from the rear facet as an 55 
optical output control signal (serving as monitoring light) 
for the semiconductor laser device, any substantial dis- 
crepancies between the respective radiation angle-tem- 



perature characteristics on the front facet and the rear 
facet will make it difficult to accurately monitor the opti- 
cal output of the light emitted from the front facet of the 
device based on the light emitted from the rear facet of 
the device. Thus, discrepancies between the respective 
radiation angle-temperature characteristics on the front 
facet and the rear facet can be another cause for deteri- 
oration in the tracking error characteristics of the con- 
ventional optical transmission/reception apparatus 800. 
[0013] In the case where multiple reflection occurs 
between the front facet of the semiconductor laser 
device and the facet of a waveguide or optical fiber, the 
semiconductor laser device may undergo a so-called 
mode hopping, so that the coupling efficiency with the 
waveguide or optical fiber may vary greatly, resulting in 
severe deterioration in the tracking error characteristics. 
[0014] In order to prevent mode hopping from 
occurring, the conventional optical transmission/recep- 
tion apparatus 800 is typically required to incorporate 
an antireflective film which is provided on the facet of 
the optical output-monitoring waveguide-type photodi- 
ode 84 adjacent to the semiconductor laser device 82, 
thereby preventing reflected light from returning to the 
semiconductor laser device 82. 
[0015] In general, the mounting margin for the 
waveguide-type photodiode 84 with respect to the sem- 
iconductor laser device 82 is on the order of 5 urn. This 
margin, which is extremely small relative to the mount- 
ing margin for photodiodes of a surface incidence type, 
is one cause for the relatively high mounting cost in the 
conventional structure. 

[0016] Furthermore, as described above, the con- 
ventional optical transmission/reception apparatus 800 
incorporates a PLC substrate 81 as an optical circuit. In 
the case where a PLC substrate (e.g., a PLC substrate 
of a silica type) is used, the chip size will be constrained 
by the minimum beding radius of the waveguide, as 
described in more detail below. 

[0017] A given PLC waveguide has associated 
therewith a minimum beding radius above which the 
PLC waveguide does not incur any loss due to the differ- 
ence in refractive index between the waveguide layer 
and the cladding layer. The minimum beding radius can 
be reduced by increasing the difference in refractive 
index between the waveguide layer and the cladding 
layer. For example, the minimum beding radius can be 
reduced to about 5 mm by increasing the aforemen- 
tioned difference in refractive index to about 0.75%. 
However, the minimum beding radius cannot be further 
decreased from about 5 mm because the aforemen- 
tioned difference in refractive index must not exceed 
0.75%, which marks a practically maximum value in 
terms of internal loss within the waveguide and coupling 
loss with the optical fiber. It is generally understood that 
this constraint on the minimum beding radius is a cause 
for a long module size along the direction of light propa- 
gation, which hinders the downsizing of the module. 
[001 8] In the case of a bi-directional optical commu- 
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nications module 800 as shown in Figure 13, which 
includes the fiber connection block 87 as well as the 
PLC portion, the size (the length along the optical axis 
direction) of the PLC portion alone measures at least 
about 1 5 mm. Hence, the size (the length along the opti- 5 
cal axis direction) of the entire optical transmis- 
sion/reception apparatus must at least be about 20 mm, 
including the fiber connection block 87 as well as the 
PLC portion. 

SUMMARY OF THE INVENTION 

[0019] According to the present invention, there is 
provided an optical communications module for use in 
an optical transfer system for bidirectionally transferring 
a light signal through an optical fiber, the optical com- 
munications module having a light signal transmission 
capability, wherein the optical communications module 
includes: a semiconductor laser; an optical fiber cou- 
pled to a front facet of the semiconductor laser; a light 
splitting element for splitting light which is emitted from 
the front facet of the semiconductor laser and propa- 
gated within the optical fiber; and an output-monitoring 
photodiode for receiving a portion of the light which has 
been split by the light splitting element as monitoring 
light, and generating a photocurrent based on the mon- 
itoring light, the photocurrent being used for controlling 
optical output of the semiconductor laser. 
[0020] In an embodiment of the invention, the opti- 
cal communications module further including a high 
reflectance film on a rear facet of the semiconductor 
laser. 

[0021] In another embodiment of the invention, the 
semiconductor laser is a laser device selected from a 
group comprising narrow divergence angle laser 
devices and spot size conversion laser devices. 
[0022] In still another embodiment of the invention, 
the semiconductor laser comprises a DFB laser device. 
[0023] In still another embodiment of the invention, 
the semiconductor laser is a high power laser device for 
use as a pump light source. 

[0024] In still another embodiment of the invention, 
the optical communications module further includes an 
optical fiber-embedding type optical circuit, the optical 
fiber-embedding type optical circuit having the optical 
fiber being embedded in an optical fiber-embedding 
substrate. 

[0025] In still another embodiment of the invention, 
the light splitting element comprises a half mirror which 
is inserted in the optical fiber-embedding substrate at 
an angle with respect to a central axis of the optical 
fiber, the half mirror lying in an optical path within the 
optical fiber. 

[0026] In still another embodiment of the invention, 
the optical communications module further including: a 
reception photodiode mounted on an upper face of the 
optical fiber-embedding substrate; and a metal total 
reflection film provided on a bottom face of the optical 



fiber-embedding substrate, wherein the output-monitor- 
ing photodiode is mounted on the upper face of the opti- 
cal fiber-embedding substrate, and wherein an external 
light signal propagated through the optical fiber is 
reflected from the half mirror so as to be received by the 
reception photodiode, and the monitoring light is 
reflected by the half mirror and the metal total reflection 
film so as to be received by the output-monitoring pho- 
todiode, whereby the optical communications module 
has an optical signal transmission/reception capability. 
[0027] In still another embodiment of the invention, 
the optical communications module further including a 
reception photodiode mounted on an upper face of the 
optical fiber-embedding substrate, wherein the output- 
monitoring photodiode is mounted on a bottom face of 
the optical fiber-embedding substrate, and wherein an 
external light signal propagated through the optical fiber 
is reflected from the half mirror so as to be received by 
the reception photodiode, and the monitoring light is 
reflected by the half mirror so as to be received by the 
output-monitoring photodiode, whereby the optical com- 
munications module has an optical signal transmis- 
sion/reception capability. 

[0028] In still another embodiment of the invention, 
the output-monitoring photodiode is mounted on an 
upper face of the optical fiber-embedding substrate, and 
wherein the monitoring light is reflected by the half mir- 
ror so as to be received by the output-monitoring photo- 
diode, and 

wherein the half mirror has a reflectance in a 
range of about 5% to about 15% with respect to an 
emission wavelength of the semiconductor laser. 
[0029] In still another embodiment of the invention, 
an interspace between the optical fiber-embedding sub- 
strate and a light-receiving face of the output-monitoring 
photodiode is substantially filled with a resin whose 
refractive index is matched with a refractive index of a 
material composing the fiber embedding substrate. 
[0030] In still another embodiment of the invention, 
the optical communications module further includes an 
antireflective film with respect to an emission wave- 
length of the semiconductor laser in a light-incidence 
region of a light-incidence face of the output-monitoring 
photodiode. 

[0031] In still another embodiment of the invention, 
the optical communications module further includes a 
metal light-shielding film on a surface of the output- 
monitoring photodiode in regions except for a light- 
receiving region and a light-incidence region for allow- 
ing incident light to pass through. 
[0032] In still another embodiment of the invention, 
the optical communications module further includes a 
light-shielding resin substantially covering facets other 
than an upper face and a bottom face of the output- 
monitoring photodiode. 

[0033] In still another embodiment of the invention, 
wherein the optical communications module is mounted 
in a package, and wherein the output-monitoring photo- 
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diode mounted on the bottom face of the optical fiber- 
embedding substrate is located within a concavity 
formed in a bottom face of the package. 
[0034] Thus, the invention described herein makes 
possible the advantages of (1) providing a low-cost, 
compact, and high-performance optical communica- 
tions module having improved tracking error character- 
istics; and (2) a method for such an optical 
communications module. 

[0035] These and other advantages of the present 
invention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

Figure 1A is a cross-sectional view of an optical 
communications module according to Example 1 of 
the present invention, taken along line X-X' in Fig- 
ure 1 B. 

Figure 1 B is a plan view of the optical communica- 
tions module shown in Figure 1 A. 

Figure 1 C is a cross-sectional view taken along line 
A-A' in Figure 1A. 

Figure 1 D is a cross-sectional view taken along line 
B-B' in Figure 1 B. 

Figure 2 shows an optical transmission/reception 
apparatus incorporating the optical communica- 
tions module according to Example 1 of the present 
invention. 

Figure 3 is a plan view showing a semiconductor 
laser device for use in the optical communications 
module according to the present invention. 

Figures 4A to 4D are cross-sectional views illustrat- 
ing steps for providing a half mirror (light splitting 
element) in an optical communications module 
according to Example 1 of the present invention. 

Figure 5A is a plan view showing a face-down type 
output-monitoring photodiode 4a for use in an opti- 
cal communications module according to the 
present invention. 

Figure 5B is a cross-sectional view taken along line 
A-A f in Figure 5 A. 

Figure 5C is a plan view showing a face-up type 
output-monitoring photodiode 4b for use in an opti- 
cal communications module according to the 
present invention. 



Figure 5D is a cross-sectional view taken along line 
C-C in Figure 5C. 

Figure 6 is a cross-sectional view illustrating a 
5 method for blocking noise light in the optical com- 

munications module according to Example 1 of the 
present invention. 

Figure 7A is a cross-sectional view of an optical 
10 communications module according to Example 2 of 
the present invention, taken along line X-X* in Fig- 
ure 7B. 

Figure 7B is a plan view of the optical communica- 
15 tions module shown in Figure 7A. 

Figure 8 is a cross-sectional view illustrating a 
method for blocking noise light in the optical com- 
munications module according to Example 2 of the 
20 present invention. 

Figure 9A is a cross-sectional view of an optical 
communications module according to Example 3 of 
the present invention, taken along line X-X' in Fig- 
25 ure 9B. 

Figure 9B is a bottom view of the optical communi- 
cations module shown in Figure 9A. 

30 Figure 9C is a plan view showing the inside of a bot- 
tom face of a package in which the optical commu- 
nications module is mounted. 

Figure 1 0A is a cross-sectional view, taken along 
35 line A-A* in Figures 9A to 9C, showing an optical 
communications module according to Example 3 of 
the present invention incorporating a face-down 
type output-monitoring photodiode. 

40 Figure 1 0B is a cross-sectional view, taken along 
line A-A in Figures 9A to 9C, showing an optical 
communications module according to Example 3 of 
the present invention incorporating a face-up type 
output-monitoring photodiode. 

45 

Figure 11 is a graph illustrating the relationship 
between the optical path length within a quartz 
glass substrate and the beam radius in the optical 
communications modules according to Examples 1 
50 to 3 of the present invention. 

Figure 12 is a graph illustrating the mounting mar- 
gin for the output-monitoring photodiode in accord- 
ance with the configurations of Examples 1 to 3 of 
55 the present invention. 

Figure 13 is a plan view showing a conventional 
optical transmission/reception apparatus. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0037] Hereinafter, specific embodiments of the 
present invention will be described along with the s 
effects attained by such embodiments, with reference to 
the accompanying drawings. 

[0038] As used herein, a "front facet" of a semicon- 
ductor laser device refers to a face at which the semi- 
conductor laser device is optically coupled to an optical 10 
fiber. A "rear facet" refers to the opposite facet to the 
front facet. 

[0039] As used herein, a "proximal" end of an opti- 
cal fiber refers to an end which is coupled to a semicon- 
ductor laser device in an optical communications is 
module according to the present invention. A "distal" 
end refers to the opposite end of the optical fiber, which 
may be coupled to a main communications system or 
the like that is external to the present invention. 

20 

(Example 1) 

[0040] An optical communications module 100 
according to Example 1 of the present invention will be 
described with reference to Figures 1 A to 1 D, 2, 3, 4A to 25 
4D, 5A to 5D, and 6. Figure 1 A is a cross-sectional view 
of the optical communications module 100 taken along 
line X-X' in Figure 1 B. Figure 1 B is a plan view of the 
optical communications module 100. Figures 1C and 
1 D are cross-sectional views of the optical communica- 30 
tions module 100 taken along line A-A' and line B-B\ 
respectively, in Figures 1A and 1B. The thick arrows 
and the thin arrow in Figure 1 A represent the directions 
of propagation of signal light and monitor light, respec- 
tively. Figure 2 shows an optical transmission/reception 35 
apparatus 200 incorporating the optical communica- 
tions module 100 according to the present example. 
[0041 ] The optical communications module 1 00 is a 
optical transmission module. As shown in Figure 2, the 
optical transmission/reception apparatus 200 includes 40 
the optical communications module (optical transmis- 
sion module) 100 and a optical reception module 22 
provided. The optical communications module 100 and 
the optical reception module 22 are coupled to optical 
fibers 23a and 23b, respectively. The optical fibers 23a 45 
and 23b are coupled to an optical fiber 23c at a Y-junc- 
ture (which is a 3 dB coupler) 25, and the optical fiber 
23c is coupled to an external transfer path 24. The prin- 
ciple of light propagation in the optical transmis- 
sion/reception apparatus 200 according to the present so 
example is similar to that of the aforementioned conven- 
tional optical transmission/reception apparatus 800, 
except that the optical communications module 100 has 
a structure which is distinct from that of the conventional 
optical transmission/reception apparatus 800. Hereinaf- ss 
ter, the optical communications module 100 according 
to the present example will be specifically described. 
[0042] As shown in Figures 1A and 1B, wiring pat- 



terns 13 and alignment markers 12 are formed on an Si 
substrate 1 which is provided on the inside of a bottom 
face 10 of the package. Furthermore, a semiconductor 
laser device 2 is mounted on the Si substrate 1. The 
semiconductor laser device 2 can be highly accurately 
positioned with respect to the Si substrate 1 through 
image recognition techniques utilizing the alignment 
markers 12. 

[0043] As shown in Figure 1 C, an end portion of an 
optical fiber 6 is positioned with respect to the Si sub- 
strate 1 , such that the optical fiber 6 is held between a 
V-groove 7 formed in the Si substrate 1 and a trapezoi- 
dal groove 15 formed in an optical fiber holder 9 to 
obtain tripartite support. Resin is used to bury the opti- 
cal fiber 6 for fixation. Due to the tripartite support pro- 
vided for the optical fiber 6, the optical fiber 6 can be 
positioned very accurately with respect to the Si sub- 
strate 1 . The optical fiber 6 can also be highly accurately 
positioned along the optical axis direction by allowing 
the proximal facet of the optical fiber 6 to abut against 
an optical fiber stopper 8. 

[0044] In this package, the optical communications 
module 100 further incorporates a quartz glass sub- 
strate 3 on the distal side of the Si substrate 1 (i.e., so 
as to be opposite from the semiconductor laser device 
2). A groove (also herein referred to as a "fiber embed- 
ding groove") 1 1 for burying an optical fiber therein is 
formed in the upper face of the quartz glass substrate 
(also herein referred to as a "fiber embedding sub- 
strate") 3. A wiring pattern 14 is formed on the upper 
face of the quartz glass substrate 3 by machine cutting. 
As shown in Figure 1D, the optical fiber 6 is placed in 
the fiber embedding groove 11, and affixed by being 
buried in resin. As shown in Figures 1A and 1B, a light 
splitting element 5, e.g., a half mirror, is inserted in the 
quartz glass substrate 3 at an angle of about 30° with 
respect to the central axis of the optical fiber 6. The half 
mirror 5 lies in the optical path within the optical fiber 6. 
A photodiode 4 (hereinafter referred to as the "output- 
monitoring photodiode 4") for optical output monitoring 
purposes is mounted on the upper face of the quartz 
glass substrate 3 astride the fiber embedding groove 1 1 
for receiving monitoring light, i.e., the light which is 
reflected from the half mirror 5. 
[0045] In accordance with the optical communica- 
tions module 100 having the aforementioned structure, 
a portion of the light which has been emitted from the 
semiconductor laser device 2 and thereafter coupled 
into and propagated through the optical fiber 6 is 
reflected by the half mirror (light splitting element) 5, so 
as to be upwardly deflected toward the upper face of the 
quartz glass substrate 3. The reflected monitoring light 
is received by the output-monitoring photodiode 4, 
which can be accurately positioned on the upper face of 
the quartz glass substrate 3 as described later. The light 
which is received by the output-monitoring photodiode 4 
generates a photocurrent which is utilized for controlling 
the optical output of the semiconductor laser device 2. 
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[0046] As will be appreciated by those skilled in the 
art, the light splitting element 5 is not limited to a half 
mirror. Any means which is capable of splitting light can 
be suitably employed. 

[0047] The half mirror 5 preferably has a reflectance s 
in the range of about 5% to about 15% with respect to 
the emission wavelength of the semiconductor laser 
device 2 in order to ensure that the output-monitoring 
photodiode 4 receives a sufficient amount of monitoring 
light (this point will be described later in more detail with 
reference to Figure 11). For example, if the half mirror 5 
has a reflectance of about 10%, a photocurrent of about 
0.2 mA is expected to flow under the conditions that the 
output-monitoring photodiode 4 has a sensitivity of 
about 1 mA/mW and that the semiconductor laser 
device 2 provides an optical output power of about 2 
mW. If the reflectance of the half mirror 5 is below about 
5%, it becomes difficult to attain a sufficient sensitivity 
level of optical output monitoring. On the other hand, if 
the reflectance of the half mirror 5 exceeds about 15%, 
the loss of light amount due to the splitting of light 
becomes more than negligible. If the half mirror 5 has a 
reflectance in the range of about 5% to about 15%, the 
loss of light amount associated with optical output mon- 
itoring can be compensated for, and therefore rendered 
negligible, based on the principle described below. 
[0048] According to the present invention, a portion 
of the optical output from the front facet of the semicon- 
ductor laser device 2 is utilized as monitoring light for 
monitoring the optical output of the semiconductor laser 
device 2. This eliminates the need for obtaining any 
optical output from the rear facet of the semiconductor 
laser device 2, as shown in Figure 3. Therefore, a low 
reflectance film 16 and a high reflectance film 17, 
respectively, are coated on the front facet and the rear 
facet of the semiconductor laser device 2. The use of 
such coatings on the front and rear end faces of the 
semiconductor laser device 2 introduces an improve- 
ment of about 10% in the optical output power. The high 
reflectance film 1 7 on the rear facet of the semiconduc- 
tor laser device 2 preferably has a reflectance of about 
1 00% so that substantially 1 00% optical output power is 
obtained from the front facet of the semiconductor laser 
device 2. As a result, the loss of light amount due to the 
splitting of light by the half mirror 5 can be effectively 
compensated for by the high reflectance film 17 and the 
low reflectance film 16. 

[0049] Now, a method for providing the half mirror 5 
on the quartz glass substrate 3 is described in detail. 
With reference to Figure 4A, the quartz glass substrate 
3 is vacuum-adsorbed onto a base 20. The base 20 has 
a tilted surface which stands at an angle from the hori- 
zontal plane corresponding to the tilt angle of the half 
mirror 5 (i.e., the angle between the principal face of the 
half mirror 5 and the central axis of the optical fiber 6). 
The optical fiber 6 previously has been installed in the 
fiber embedding groove 11 (not shown in Figures 4A to 
4D). From above the quartz glass substrate 3 fixed on 



the base 20, a rotating blade (e.g., a dicing saw) 21 is 
brought down along a direction which is perpendicular 
to the bottom face of the base 20, so as to cut half-way 
into the quartz glass substrate 3. As a result, a groove 
3a is formed in the quartz glass substrate 3 as shown in 
Figure 4B. Thereafter, the quartz glass substrate 3 is 
washed with an organic solvent, and washed with puri- 
fied water in order to remove any debris which is left 
after the cutting process. Then, the output-monitoring 
photodiode 4 is bonded onto the upper face of the 
quartz glass substrate 3. Thereafter, the half mirror 5 is 
inserted into the groove 3a in the quartz glass substrate 
3 as shown in Figure 4C. A resin (not shown), e.g., an 
ultraviolet (UV) curable resin, whose refractive index is 
matched with that of the material (i.e., quartz glass) 
composing the fiber embedding substrate 3 and/or the 
optical fiber 6, is applied so as to fill any interspaces or 
gaps (not shown) between the half mirror 5, the optical 
fiber 6, and the quartz glass substrate 3, and to fill any 
interspaces (not shown) between the optical fiber 6 and 
the output-monitoring photodiode 4. Then, as shown in 
Figure 4D, UV rays (indicated by the arrows) are irradi- 
ated so as to cure the resin whose refractive index is 
matched with the quartz glass composing the fiber 
embedding substrate 3 and/or the optical fiber 6. As a 
result, the half mirror 5 is stabilized to the quartz glass 
substrate 3. 

[0050] The aforementioned alignment markers 12 
and the V-groove 7 are provided on the Si substrate 1 
through a highly precise semiconductor process, such 
as photolithography and anisotropic etching. As a result, 
the semiconductor laser device 2 and the optical fiber 6 
can be mounted on the Si substrate 1 by referencing to 
the alignment markers 12 and the V-groove 7, respec- 
tively, thereby attaining a positioning accuracy on the 
order of submicrons. Thus, the semiconductor laser 
device 2 can be coupled to the optical fiber 6 with a high 
positioning accuracy, thereby improving the coupling 
efficiency for any light which is propagated between the 
semiconductor laser device 2 and the optical fiber 6. 
[0051 ] However, the coupling efficiency may greatly 
fluctuate if a mode hopping occurs as a result of multiple 
reflection between the semiconductor laser device 2 
and the optical fiber 6. In order to avoid this, it is prefer- 
able to use a resin whose refractive index is matched 
with that of the material (quartz glass) of the optical fiber 
6 to bury at least the interspace between the semicon- 
ductor laser device 2 and the optical fiber 6, and more 
preferably the vicinity where the semiconductor laser 
device 2 is coupled to the optical fiber 6. As a result, the 
multiple reflection between the semiconductor laser 
device 2 and the optical fiber 6 can be eliminated. 
[0052] As used herein, a resin whose refractive 
index is "matched with" that of a given material is meant 
to have a refractive index which is substantially equal to 
the refractive index of that material. 
[0053] It is preferable to bury the interspaces 
between the quartz glass substrate 3 and a light inci- 
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dent face (defined below) of the output-monitoring pho- 
todiode 4 with a resin whose refractive index is matched 
with that of the material composing the fiber embedding 
substrate 3 and/or the optical fiber 6 (both of which are 
composed of quartz glass in the present example) in 
order to prevent unwanted light reflection. 
[0054] In general, an optical communications mod- 
ule is required to provide a sufficient return loss in order 
to prevent the light which enters the module from the 
optical fiber 6 (whose distal end may be coupled to a 
main communications system or the like) from being 
reflected back in the distal direction of the optical fiber 6. 
In order to attain a sufficient return loss, it is preferable 
to mount the semiconductor laser device 2 at an angle 
with respect to the central axis of the optical fiber 6. 
[0055] Furthermore, in order to obtain a high cou- 
pling efficiency between the semiconductor laser device 
2 and the optical fiber 6 coupled thereto, it is desirable 
to employ a semiconductor laser device having a large 
spot size, e.g., a narrow divergence angle laser device 
or a spot size conversion laser device. In applications 
whose primary purpose is a single wavelength lasing 
(e.g., a light source for a wavelength division multiplex- 
ing optical system), it is preferable to employ a DFB 
(distribution feed back) laser device, which provides a 
narrow divergence angle function. In applications which 
are required to provide high output power (e.g. P a fiber 
amplifier), it is desirable to employ a high power laser 
device having a long cavity length for use as a pump 
light source. 

[0056] In the case of employing a semiconductor 
laser device having an ordinary spot size, it is possible 
to obtain high coupling efficiency by employing an opti- 
cal fiber having substantially the same core diameter as 
the spot size of the semiconductor laser device and 
directly coupling the light which is emitted from the sem- 
iconductor laser device to the optical fiber. 
[0057] As the output-monitoring photodiode 4, a 
surface incidence type photodiode may be used, e.g., a 
photodiode for face-down mounting (shown in Figures 
5A and 5B) or a photodiode for face-up mounting 
(shown in Figures 5C and 5D). Figure 5A is a plan view 
showing a face-down type photodiode 4a; Figure 5B is 
a cross-sectional view taken along line A- A' in Figure 
5A. Figure 5C is a bottom view showing a face-up type 
photodiode 4b; Figure 5D is a cross-sectional view 
taken along line C-C in Figure 5C. 
[0058] As used herein, a face of a photodiode which 
has a light-receiving portion 19 formed therein is 
referred to as a "light-receiving face", whereas a face of 
a photodiode through which light is allowed to enter is 
referred to as a "light-incidence face". Note that a "light- 
receiving face" and a "light-incidence face" may be the 
same face or the opposite faces of a photodiode, as 
described in more detail below. 
[0059] With reference to Figures 5A and 5B, the 
face-down type photodiode 4a may be mounted, face- 
down, on the quartz glass substrate 3 so that the face 



(i.e., light-receiving face) of the photodiode 4a having 
the light-receiving portion 19 formed therein adjoins the 
quartz glass substrate 3. The face-down type photodi- 
ode 4a includes the light-receiving portion 19, a p-type 

5 wiring pattern 42, and an n-type wiring pattern 43 pro- 
vided on its light-receiving face. Note that the light- 
receiving face of the face-down type photodiode 4a is 
also a light-incidence face for allowing the incident light 
to pass through. A light-receiving region 44 defines a 

w light-incident region. It is desirable to provide an arrtire- 
flectivefilm (not shown) in the light-receiving region 44. 
It is also desirable to provide an engraved n-type elec- 
trode 45 so that it is unnecessary to perform a wire 
bonding process after the photodiode 4a is mounted on 

15 the upper face of the quartz glass substrate 3. In order 
to block noise light, i.e., light other than the monitoring 
light, the n-type wiring pattern 43 is provided on the 
light-receiving face of the face-down type photodiode 4a 
in all regions except for the light-receiving region 44, 

20 thereby functioning as a light-shielding metal pattern. It 
is also desirable to provide a light-shielding film 46 on 
the opposite face of the photodiode 4a in order to block 
noise light. The light-shielding film 46 may be a metal 
light-shielding film which is formed of the same material 

25 as the n-type electrode. 

[0060] Alternatively, with reference to Figures 5C 
and 5D, the face-up type photodiode 4b may be 
mounted, face-up, on the quartz glass substrate 3 so 
that the opposite face to its light-receiving face (i.e., the 

30 face having the light-receiving portion 19 formed 
therein) adjoins the quartz glass substrate 3. As in the 
case of the aforementioned face-down type photodiode 
4a, the face-up type photodiode 4b includes the light- 
receiving portion 19, a p-type wiring pattern 42, and an 

35 n-type wiring pattern 43 provided on the light-receiving 
face. Note that the opposite face to the light-receiving 
face of the photodiode 4b defines a light- incidence face 
for allowing the incident light to pass through. In order to 
block noise light, i.e., light other than the monitoring 

40 light, the n-type wiring pattern 43 is provided on the 
light-receiving face of the face-up type photodiode 4b in 
all regions except for the light-receiving region 44, 
thereby functioning as a light-shielding metal pattern. It 
is also desirable to provide a light-shielding film 46 on 

45 the opposite face (i.e., the light-incidence face) of the 
photodiode 4b in order to block noise light. The light- 
shielding film 46 may be a metal light-shielding film 
which is formed of the same material as the n-type elec- 
trode. A light-incidence window 47 is provided in the 

so light-shielding film 46 for allowing monitoring light to 
pass therethrough. It is desirable to provide an antire- 
f lective film (not shown) in the light-incidence window 47 
for preventing reflection of the monitoring light (i.e., inci- 
dent light). The light-incident window 47 defines a light- 

55 incident region. 

[0061 ] In order to further block noise light, as shown 
in Figure 6, it is preferable to apply a coating film of light- 
shielding resin 18 on the facets other than the upper 
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face and the bottom face of the output-monitoring pho- 
todiode 4 so as to prevent the noise light (as indicated 
by the thin, broken-line arrow) from reaching the light- 
receiving portion 19 while allowing the monitoring light 
(as indicated by the thin solid-line arrows) to reach the 
light-receiving portion 19. 

(Example 2) 

[0062] An optical communications module 300 
according to Example 2 of the present invention will be 
described with reference to Figures 7A, 7B, and 8. In 
Figures 7A, 7B, and 8, those component elements 
which have been described in Example 1 are denoted 
by the same reference numerals as used therein. Figure 
7A is a cross-sectional view of the optical communica- 
tions module 300 taken, along line X-X' in Figure 7B. 
Figure 7B is a plan view of the optical communications 
module 300. The thick arrows and the thin arrows in Fig- 
ure 7A represent the directions of propagation of signal 
light and monitor light, respectively. 
[0063] The optical communications module 300 
according to the present example is a light transmis- 
sion/reception module. That is, the optical communica- 
tions module 300 corresponds to, and serves the same 
functions as those of, the optical transmission/reception 
apparatus 200 according to Example 1 (Figure 2). The 
optical communications module 300 has the same basic 
structure as that of the optical communications module 
100 according to Example 1. The description of those 
component elements which have been described in 
Example 1 is omitted; those elements which specifically 
pertain to the present example will mainly be described 
below. 

[0064] In accordance with the optical communica- 
tions module 300, as shown in Figures 7A and 7B, a 
light splitting element 5, e.g., a half mirror, is inserted in 
a quartz glass substrate 3 at an angle of about 30° with 
respect to the central axis of an optical fiber 6. The half 
mirror 5 lies in the optical path within the optical fiber 6. 
A total reflection film 29, which may be formed of a 
metal material, is provided on the bottom face of the 
quartz glass substrate 3 for further reflecting the moni- 
toring light which has been reflected from the half mirror 
5. An output-monitoring photodiode 4 for monitoring the 
optical output is mounted on the upper face of the 
quartz glass substrate 3 astride a fiber embedding 
groove 11 for receiving the monitoring light which has 
been reflected from the total reflection film 29. In addi- 
tion, a reception photodiode 27 is mounted on the upper 
face of the quartz glass substrate 3 astride the fiber 
embedding groove 1 1 for receiving an external light sig- 
nal (received light signal; indicated by the broken arrows 
in Figure 7A) which has been reflected from the half mir- 
ror 5. The reception photodiode 27 is connected to wir- 
ing patterns 28 formed on the upper face of the quartz 
glass substrate 3. 

[0065] In accordance with the optical communica- 



tions module 300 having the aforementioned structure, 
approximately half of the light which has been emitted 
from the semiconductor laser device 2 and thereafter 
coupled into and propagated through the optical fiber 6 

5 is reflected by the half mirror (light splitting element) 5, 
so as to be downwardly deflected toward the bottom 
face of the quartz glass substrate 3. The reflected mon- 
itoring light is subjected to total reflection at the total 
reflection film 29 on the bottom face of the quartz glass 

10 substrate 3 so as to be upwardly deflected toward the 
upper face of the quartz glass substrate 3. The reflected 
monitoring light is received by the output-monitoring 
photodiode 4, which can be accurately positioned on 
the upper face of the quartz glass substrate 3. 

15 [0066] The light which is received by the output- 
monitoring photodiode 4 generates a photocurrent 
which is utilized for controlling the optical output of the 
semiconductor laser device 2, as in Example 1 . The half 
mirror 5 can be provided on the quartz glass substrate 3 

20 in the same manner as in Example 1 . As will be appre- 
ciated by those skilled in the art, the light splitting ele- 
ment 5 is not limited to a half mirror. Any means which 
is capable of splitting light can be suitably employed. 
[0067] The half mirror 5 according to the present 

25 example has a reflectance of about 50%. If the output- 
monitoring photodiode 4 is mounted face-down on the 
quartz glass substrate 3, the reflected light from the half 
mirror 5 has a beam radius of about 85 jum on the light- 
receiving face (this point will be described later in more 

30 detail with reference to Figure 11), so that a photocur- 
rent of about 0.42 mA is expected to flow under the con- 
ditions that the output-monitoring photodiode 4 has a 
sensitivity of about 1 mA/mW and that the semiconduc- 
tor laser device 2 provides an optical output power of 

35 about 2 mW. This level of photocurrent is sufficient for 
performing optical output control. 
[0068] If the output-monitoring photodiode 4 is 
mounted face-up on the quartz glass substrate 3, the 
reflected light from the half mirror 5 has a beam radius 

40 of about 100 jum on the light-receiving face (assuming 
that the output-monitoring photodiode 4 has a thickness 
of about 180 jum), so that a photocurrent of about 0.35 
mA is expected to flow under the conditions that the out- 
put-monitoring photodiode 4 has a sensitivity of about 1 

45 mA/mW and that the semiconductor laser device 2 pro- 
vides an optical output power of about 1 mW. This level 
of photocurrent is sufficient for performing optical output 
control. 

[0069] According to the present example, as in 
so Example 1 , a portion of the optical output from the front 
facet of the semiconductor laser device 2 is utilized as 
monitoring light for monitoring the optical output of the 
semiconductor laser device 2. This eliminates the need 
for obtaining any optical output from the rear facet of the 
55 semiconductor laser device 2, as shown in Figure 7A. 
Therefore, a low reflectance film 16 and a high reflect- 
ance film 17, respectively, are coated on the front facet 
and the rear facet of the semiconductor laser device 2. 
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The use of such coatings on the front and rear end 
faces of the semiconductor laser device 2 introduces an 
improvement of about 10% in the optical output power. 
The high reflectance film 17 on the rear facet of the 
semiconductor laser device 2 preferably has a reflect- 
ance of about 100% so that substantially 100% optical 
output power is obtained from the front facet of the sem- 
iconductor laser device 2. 

[0070] Alignment markers 12 and a V-groove 7 
(similar to those described in Example 1) are provided 
on the Si substrate 1 through a highly precise semicon- 
ductor process, such as photolithography and aniso- 
tropic etching. As a result, the semiconductor laser 
device 2 and the optical fiber 6 can be mounted on the 
Si substrate 1 by referencing to the alignment markers 
12 and the V-groove 7, respectively, thereby attaining a 
positioning accuracy on the order of submicrons. Thus, 
the semiconductor laser device 2 can be coupled to the 
optical fiber 6 with a high positioning accuracy thereby 
improving the coupling efficiency for any light which is 
propagated between the semiconductor laser device 2 
and the optical fiber 6. 

[0071 ] However, the coupling efficiency may greatly 
fluctuate if a mode hopping occurs as a result of multiple 
reflection between the semiconductor laser device 2 
and the optical fiber 6. In order to avoid this, it is prefer- 
able to use a resin whose refractive index is matched 
with that of the material (quartz glass) of the optical fiber 
6 to bury at least the interspace between the semicon- 
ductor laser device 2 and the optical fiber 6, and more 
preferably the vicinity where the semiconductor laser 
device 2 is coupled to the optical fiber 6. As a results the 
multiple reflection between the semiconductor laser 
device 2 and the optical fiber 6 can be eliminated. 
[0072] It is preferable to bury the interspaces 
between the quartz glass substrate 3 and a light inci- 
dent face of the output-monitoring photodiode 4 with a 
resin whose refractive index is matched with that of the 
material composing the fiber embedding substrate 3 
and/or the optical fiber 6 (both of which are composed of 
quartz glass in the present example). 
[0073] In order to ensure that the optical communi- 
cations module 300 attains a sufficient return loss, it is 
preferable to mount the semiconductor laser device 2 at 
an angle with respect to the central axis of the optical 
fiber 6. 

[0074] Furthermore, in order to obtain a high cou- 
pling efficiency between the semiconductor laser device 
2 and the optical fiber 6 coupled thereto, it is desirable 
to employ a semiconductor laser device having a large 
spot size, e.g., a narrow divergence angle laser device 
or a spot size conversion laser device. In applications 
whose primary purpose is a single wavelength lasing 
(e.g., a light source for a wavelength division multiplex- 
ing optical system), it is preferable to employ a DFB 
laser device, which provides a narrow divergence angle 
function. In applications which are required to provide 
high output power (e.g., a fiber amplifier), it is desirable 



to employ a high power laser device having a long cavity 
length for use as a pump light source. 
[0075] In the case of employing a semiconductor 
laser device having an ordinary spot size, it is possible 

5 to obtain high coupling efficiency by employing an opti- 
cal fiber having substantially the same core diameter as 
the spot size of the semiconductor laser device and 
directly coupling the light which is emitted from the sem- 
iconductor laser device to the optical fiber. 

10 [0076] As the output-monitoring photodiode 4, a 
surface incidence type photodiode may be used, e.g., a 
photodiode for face-down mounting (shown in Figures 
5A and 5B) or a photodiode for face-up mounting 
(shown in Figures 5C and 5D). As in Example 1 , in the 

15 case where the output-monitoring photodiode 4 is 
mounted face-down on the quartz glass substrate 3, it is 
desirable to provide an antireflective film (not shown) in 
the light-receiving region 44. It is also desirable to pro- 
vide an engraved n-type electrode 45 so that it is unnec- 

20 essary to perform a wire bonding process after the 
photodiode 4 is mounted on the upper face of the quartz 
glass substrate 3. In order to block noise light, i.e., light 
other than the monitoring light, it is desirable to provide 
an n-type wiring pattern 43 (also functioning as a light- 

25 shielding metal pattern) on the light-receiving face of the 
face-down type photodiode 4a, and provide a light- 
shielding film 46 on the opposite face of the photodiode 
4a. 

[0077] Alternatively, in the case where the output- 

30 monitoring photodiode 4 is mounted face-up on the 
quartz glass substrate 3, as shown in Figures 5C and 
5D, it is desirable to provide an n-type wiring pattern 43 
(also functioning as a light-shielding metal pattern) on 
the light-receiving face of the face-up type photodiode 

35 4b, and provide a light-incidence window 47 and a light- 
shielding film 46 on the light-incidence face, i.e., the 
opposite face to the light-receiving face, of the photodi- 
ode 4b. It is desirable to provide an antireflective film 
(not shown) in the light-incidence window 47. 

40 [0078] In order to further block noise light, as shown 
in Figure 8, it is preferable to apply a coating film of light- 
shielding resin 18 on the facets other than the upper 
face and the bottom face of the output-monitoring pho- 
todiode 4 so as to prevent the noise light (as indicated 

45 by the thin, broken-line arrow) from reaching the light- 
receiving portion 19 while allowing the monitoring light 
(as indicated by the thick arrows) to reach the light- 
receiving portion 19. 



[0079] An optical communications module 400 
according to Example 3 of the present invention will be 
described with reference to Figures 9A, 9B, 9C, and 
55 1 0A and 1 0B. In Figures 9 A, 9B, 9C, and 1 0A and 1 0B, 
those component elements which have been described 
in Example 1 or 2 are denoted by the same reference 
numerals as used therein. Figure 9A is a cross-sec- 
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tional view of the optical communications module 400 
taken along line X-X' in Figure 9B. Figure 9B is a bottom 
view of the optical communications module 400. Figure 
9C is a plan view showing the inside of a bottom face 10 
of a package in which the optical communications mod- 5 
ule 400 is mounted. The thick solid-line arrows and the 
thin solid-line arrows in Figure 9A represent the direc- 
tions of propagation of signal light and monitor light, 
respectively. Figures 10A and 10B illustrate applica- 
tions of the present invention, incorporating respectively 
different types of output-monitoring photodiodes 4. Fig- 
ure 1 0A is a cross-sectional view, taken along line A-A 
in Figures 9A to 9C, showing an optical communications 
module 400 incorporating a face-down type output- 
monitoring photodiode 4. Figure 1 0B is a cross-sec- 
tional view, taken along line A-A in Figures 9A to 9C, 
showing an optical communications module 400 incor- 
porating a face-up type output-monitoring photodiode 4. 
[0080] The optical communications module 400 
according to the present example is a light transmis- 
sion/reception module. That is, the optical communica- 
tions module 400 serves the same functions as those of 
the optical transmission/reception apparatus 200 
according to Example 1 (Figure 2) and the optical com- 
munications module 300 according to Example 2 (Fig- 
ures 7A and 7B). The optical communications module 
400 has the same basic structure as that of the optical 
communications module 300 according to Example 2. 
The description of those component elements which 
have been described in Example 2 is omitted; those ele- 
ments which specifically pertain to the present example 
will mainly be described below. 
[0081] As shown in Figures 9A and 9B, the optical 
communications module 400 according to the present 
example does not includes a total reflection film 29 on 
the bottom face of the quartz glass substrate 3. Rather, 
a concavity 30 is provided on the inside of the bottom 
face 10 of the package in a portion of a region underly- 
ing a quartz glass substrate 3. A light splitting element 
5, e.g., a half mirror, is inserted in a quartz glass sub- 
strate 3 at an angle of about 30° with respect to the cen- 
tral axis of an optical fiber 6. The half mirror 5 lies in the 
optical path within the optical fiber 6. Within the concav- 
ity 30, an output-monitoring photodiode 4 for receiving 
the monitoring light which has been reflected from the 
half mirror 5 is provided by being bonded to the quartz 
glass substrate 3. A resin 31 whose refractive index is 
matched with that of the material (i.e., quartz glass 
according to the present example) composing the fiber 
embedding substrate 3 and/or the optical fiber 6 is 
applied so as to fill any interspaces (not shown) 
between the bottom face of the quartz glass substrate 3 
and the light-receiving face of the output-monitoring 
photodiode 4. The output-monitoring photodiode 4 is 
connected to wiring patterns 14 (Figure 9B) formed on 
the bottom face of the quartz glass substrate 3. 
[0082] The light which is received by the output- 
monitoring photodiode 4 generates a photocurrent 



which is utilized for controlling the optical output of the 
semiconductor laser device 2, as in Example 1 . The half 
mirror 5 can be provided on the quartz glass substrate 3 
in the same manner as in Example 1 . As will be appre- 
ciated by those skilled in the art, the light splitting ele- 
ment 5 is not limited to a half mirror. Any means which 
is capable of splitting light can be suitably employed. 
[0083] In the case where the output-monitoring 
photodiode 4 is mounted face-down on the quartz glass 
substrate 3, as best shown in Figure 10A, the wiring 
patterns 14 on the bottom face of the quartz glass sub- 
strate 3 are electrically connected to wiring patterns 32 
provided on the package via solder bumps 33. The wir- 
ing patterns 32 on the package are electrically con- 
nected to wiring patterns 36, which in turn are further 
connected to external electrodes (not shown), through 
via holes 35. No wire bonding is employed. Thus, the 
output-monitoring photodiode 4 can be electrically con- 
nected to the external electrodes (not shown) without 
requiring wire bonding. 

[0084] Alternatively, in the case where the output- 
monitoring photodiode 4 is mounted face-up on the 
quartz glass substrate 3, as best shown in Figure 10B, 
it is unnecessary to provide any wiring patterns 14 on 
the bottom face of the quartz glass substrate 3. Instead, 
the right and left wiring patterns 32 on the package 
extend to the bottom face of the concavity 30 so as not 
to electrically contact each other. Thus, the output-mon- 
itoring photodiode 4 is mounted on the extension of one 
of the package wiring patterns 32 (i.e., the right pattern 
32 in Figure 10B), which serves as an n-type bottom 
electrode. In this case, the output-monitoring photodi- 
ode 4 can be connected to an external electrode by sim- 
ply connecting a p-type electrode 39 (which may be 
formed on the light-receiving face of the output-monitor- 
ing photodiode 4) to the other wiring pattern 32 (i.e., the 
left wiring pattern 32 in Figure 1 0B) via a wire lead 38. 
Furthermore, a resin whose refractive index is matched 
with that of the material composing the fiber-embedding 
substrate 3 and/or the optical fiber 6 is applied so as to 
fill any interspaces (not shown) between the light- 
receiving face of the output-monitoring photodiode 4 
and the quartz glass substrate 3. The wiring patterns 32 
on the package are adhered to the bottom face of the 
quartz glass substrate 3 by using an adhesive resin 37. 
[0085] As in Example 2, the half mirror 5 according 
to the present example has a reflectance of about 50%. 
If the output-monitoring photodiode 4 is mounted face- 
down on the quartz glass substrate 3, the reflected light 
from the half mirror 5 has a beam radius of about 42 |im 
on the light-receiving face (this point will be described 
later in more detail with reference to Figure 11), so that 
a photocurrent of about 0.89 mA is expected to flow 
under the conditions that the output-monitoring photodi- 
ode 4 has a sensitivity of about 1 mA/mW and that the 
semiconductor laser device 2 provides an optical output 
power of about 1 mW. This level of photocurrent is suffi- 
cient for performing optical output control. 
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[0086] If the output-monitoring photodiode 4 is 
mounted face-up on the quartz glass substrate 3, the 
reflected light from the half mirror 5 has a beam radius 
of about 60 ^irn on the light-receiving face (assuming 
that the output-monitoring photodiode 4 has a thickness 
of about 180 |um), so that a photocurrent of about 0.68 
mA is expected to flow under the conditions that the out- 
put-monitoring photodiode 4 has a sensitivity of about 1 
mA/mW and that the semiconductor laser device 2 pro- 
vides an optical output power of about 1 mW. This level 
of photocurrent is sufficient for performing optical output 
control. 

[0087] According to the present example, as in 
Example 1 , a portion of the optical output from the front 
facet of the semiconductor laser device 2 is utilized as 
monitoring light for monitoring the optical output of the 
semiconductor laser device 2. This eliminates the need 
for obtaining any optical output from the rear facet of the 
semiconductor laser device 2, as shown in Figure 9. 
Therefore, a low reflectance film 16 and a high reflect- 
ance film 17, respectively, are coated on the front facet 
and the rear facet of the semiconductor laser device 2. 
The use of such coatings on the front and rear end 
faces of the semiconductor laser device 2 introduces an 
improvement of about 10% in the optical output power. 
The high reflectance film 17 on the rear facet of the 
semiconductor laser device 2 preferably has a reflect- 
ance of about 100% so that substantially 100% optical 
output power is obtained from the front facet of the sem- 
iconductor laser device 2. 

[0088] Alignment markers 12 and a V-groove 7 
(similar to those described in Example 1) are provided 
on the Si substrate 1 through a highly precise semicon- 
ductor process, such as photolithography and aniso- 
tropic etching. As a result, the semiconductor laser 
device 2 and the optical fiber 6 can be mounted on the 
Si substrate 1 by referencing to the alignment markers 
12 and the V-groove 7, respectively, thereby attaining a 
positioning accuracy on the order of submicrons. Thus, 
the semiconductor laser device 2 can be coupled to the 
optical fiber 6 with a high positioning accuracy, thereby 
improving the coupling efficiency for any light which is 
propagated between the semiconductor laser device 2 
and the optical fiber 6. 

[0089] However, the coupling efficiency may greatly 
fluctuate if a mode hopping occurs as a result of multiple 
reflection between the semiconductor laser device 2 
and the optical fiber 6. In order to avoid this, it is prefer- 
able to use a resin whose refractive index is matched 
with that of the material (quartz glass) of the optical fiber 
6 to bury at least the interspace between the semicon- 
ductor laser device 2 and the optical fiber 6, and more 
preferably the vicinity where the semiconductor laser 
device 2 is coupled to the optical fiber 6. As a result, the 
multiple reflection between the semiconductor laser 
device 2 and the optical fiber 6 can be eliminated. 
[0090] It is preferable to bury the interspaces 
between the quartz glass substrate 3 and a light inci- 



dent face of the output-monitoring photodiode 4 with a 
resin whose refractive index is matched with that of the 
material composing the fiber embedding substrate 3 
and/or the optical fiber 6 (both of which are composed of 

5 quartz glass in the present example). 

[0091] In order to ensure that the optical communi- 
cations module 400 attains a sufficient return loss, it is 
preferable to mount the semiconductor laser device 2 at 
an angle with respect to the central axis of the optical 

10 fiber 6. 

[0092] Furthermore, in order to obtain a high cou- 
pling efficiency between the semiconductor laser device 
2 and the optical fiber 6 coupled thereto, it is desirable 
to employ a semiconductor laser device having a large 

15 spot size, e.g., a narrow divergence angle laser device 
or a spot size conversion laser device. In applications 
whose primary purpose is a single wavelength lasing 
(e.g., a light source for a wavelength division multiplex- 
ing optical system), it is preferable to employ a DFB 

20 laser device, which provides a narrow divergence angle 
function. In applications which are required to provide 
high output power (e.g., a fiber amplifier), it is desirable 
to employ a high power laser device having a long cavity 
length for use as a pump light source. 

25 [0093] In the case of employing a semiconductor 
laser device having an ordinary spot size, it is possible 
to obtain high coupling efficiency by employing an opti- 
cal fiber having substantially the same core diameter as 
the spot size of the semiconductor laser device and 

30 directly coupling the light which is emitted from the sem- 
iconductor laser device to the optical fiber. 
[0094] As the output-monitoring photodiode 4, a 
surface incidence type photodiode may be used, e.g., a 
photodiode for face-down mounting (shown in Figure 

35 10A) or a photodiode for face-up mounting (shown in 
Figure 10B). As in Example 1, in the case where the 
output-monitoring photodiode 4 is mounted face-down 
on the quartz glass substrate 3 (as shown in Figure 
10A), it is desirable to provide an anti reflective film (not 

40 shown) in the light-receiving region 44 (see Figures 5A 
and 5B). It is also desirable to provide an engraved n- 
type electrode 45 so that it is unnecessary to perform a 
wire bonding process after the photodiode 4 is mounted 
on the upper face of the quartz glass substrate 3. 

45 [0095] Alternatively, in the case where the output- 
monitoring photodiode 4 is mounted face- up on the 
quartz glass substrate 3 (as shown in Figure 10B), it is 
desirable to provide an antireflective film (not shown) in 
the light-incidence window 47 (see Figures 5C and 5D). 

so [0096] According to the present invention, as 
described in Examples 1 to 3 above, a portion of the 
light which has been emitted from the front facet of the 
semiconductor laser device 2 and coupled to the optical 
fiber 6 is utilized as monitoring light from which to gen- 

55 erate a signal for optical output control. The optical out- 
put monitoring mechanism according to the present 
invention can be implemented in a simple configuration 
using an optical fiber-embedding type optical circuit, as 
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described in Examples 1 to 3 above. The optical fiber- 
embedding type optical circuit is capable of deflecting 
the optical path by the action of a light splitting element 
5 (e.g., a filter or a half mirror) which is inserted in the 
optical path at an angle with respect to the central axis 
of an optical fiber 6 which is embedded within a trans- 
parent substrate 3 (e.g., a quartz glass substrate). 
[0097] In accordance with the aforementioned con- 
figuration, it is possible to prevent deterioration in the 
tracking error characteristics due to discrepancies 
between the temperature characteristics of the coupling 
efficiency between the semiconductor laser device 2 
and the optical fiber 6 and the temperature characteris- 
tics of the light-current conversion efficiency of the out- 
put-monitoring photodiode 4. 

[0098] In accordance with the aforementioned con- 
figuration, it is also possible to prevent deterioration in 
the tracking error characteristics despite any discrepan- 
cies between the respective radiation angle-tempera- 
ture characteristics on the front facet and the rear facet 
of the semiconductor laser device 2. 
[0099] Figure 11 is a graph illustrating various 
beam radii created on the light-incidence face of output- 
monitoring photodiode 4 for allowing monitoring light to 
pass therethrough, with respect to the respective meth- 
ods of mounting the plane-incidence type output-moni- 
toring photodiodes 4 according to Examples 1 to 3. As 
seen from Figure 11, the beam radius according to 
Examples 1 , 3, and 2 become increasingly larger in this 
order; this is due to the respectively longer optical paths 
within the quartz glass substrates 3 according to Exam- 
ples 1, 3, and 2. 

[0100] Specifically, according to Example 1 , the out- 
put-monitoring photodiode 4 provided on the upper face 
of the substrate directly receives the monitoring light 
which has been reflected from the half mirror 5. On the 
other hand, according to Example 3, the output-monitor- 
ing photodiode 4 provided on the bottom face of the 
substrate directly receives the monitoring light which 
has been reflected from the half mirror 5. As a result, the 
optical path length is longer in Example 3 than in Exam- 
ple 1. According to Example 2, the output-monitoring 
photodiode 4 receives the monitoring light which has 
been reflected from the half mirror 5 and further 
reflected by the total reflection film 29 on the bottom 
face of the substrate. As a result, the optical path length 
is still longer in Example 2 than in Example 3. 
[0101] The light-receiving radius, sensitivity, and 
mounting margin of the output-monitoring photodiode 4 
and the reflectance of the half mirror 5 may be opti- 
mized depending on each specific beam radius as 
shown in the graph of Figure 11. For example, accord- 
ing to Example 1, where the beam radius is relatively 
small, a sufficient amount of monitoring light can be 
obtained for output monitoring purposes even when the 
reflectance the half mirror 5 is reduced by about 5% to 
about 15% relative to Examples 2 and 3. Furthermore, 
it will be appreciated that the structure according to 



Example 1 allows for a larger mounting margin than in 
Examples 2 and 3 as described below. 
[0102] Figure 12 is a graph illustrating the mounting 
margin for the output-monitoring photodiode 4 in 

5 accordance with the configurations of Examples 1 to 3, 
where each output-monitoring photodiode 4 has a light- 
receiving radius is about 80 jim. From Figure 12, it can 
be seen that offsets of about + 31 \am (Example 1), 
about + 19 \\m (Example 2), and about ±23 (Exam- 

10 pie 3) in the optical axis of the respective configuration 
are well within the allowable sensitivity (power) loss 
range of 1 dB (i.e., 80%). These mounting margin val- 
ues are about five to six times larger than what is toler- 
ated for a conventional waveguide-type photodiode. 

15 Thus, the structure according to the present invention 
can relax the mounting margin. 
[0103] The resultant photocurrent for optical output 
controlling purposes is about 0.2 mA for Example 1 
(under about 10% half mirror reflectance and about 2 

20 mW semiconductor laser device optical output power), 
about 0.43 mA for Example 2 (under about 50% half 
mirror reflectance and about 1 mW semiconductor laser 
device optical output power), and about 0.89 mA for 
Example 3 (under about 50% half mirror reflectance and 

25 about 1 mW semiconductor laser device optical output 
power). These levels of photocurrent are sufficient for 
performing optical output control. 
[0104] Furthermore, the bi-directional optical com- 
munications module according to the present invention 

30 incorporating an optical fiber-embedding type optical 
circuit can suitably employ a waveguide (optical fiber) 
maintained in a linear configuration, i.e., without deflect- 
ing the optical fiber. Since the deflection of the optical 
path can be achieved, without deflecting the optical fiber 

35 itself, by using a reflective-type filter, a half mirror, and 
the like, the size of the entire module is substantially 
determined as a function of the respective areas which 
are occupied by the filter or half mirror inserted in the 
optical path and the photodiode. In other words, the 

40 optical communications module according to the 
present invention only needs to be large enough to 
accommodate the filter or half mirror and the photodi- 
ode. 

[0105] For example, an optical transmission/recep- 
45 tion apparatus based on the optical fiber-embedding 
type optical communications module according to 
Example 2 or 3, the entire apparatus only needs to be 
about 10 to about 12 mm long along the optical axis 
direction, which means an about 50% reduction in size 
so relative to a conventional PLC type optical transmis- 
sion/reception apparatus. 

[0106] Furthermore, the optical fiber-embedding 
type optical communications module according to the 
present invention utilizes a portion of an external trans- 
55 fer path or optical fiber as a waveguide within the mod- 
ule, thereby eliminating the need to connect the external 
transfer path or optical fiber to a port, as would be 
required in the case of a conventional PLC type trans- 
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mission/reception apparatus. Accordingly, the optical 
communications module according to the present inven- 
tion requires much less time for mounting. 
[0107] As described above, the optical fiber- 
embedding type optical communications module 
according to the present invention makes possible an 
increased mounting margin and improved tracking error 
characteristics. Furthermore, the optical fiber-embed- 
ding type optical communications module according to 
the present invention can be implemented in a relatively 
small size, and all elements are surface mounted, 
thereby providing improved manufacturing efficiency 
[0108] The specific structures and materials for the 
respective component elements of the invention, e.g., 
semiconductor lasers, photodiodes, light splitting ele- 
ments, and the optical fiber-embedding substrate are 
not limited to those described above. 
[0109] Thus, the present invention can provide a 
low-cost, compact, and high-performance optical com- 
munications module having improved tracking error 
characteristics. 

[0110] Various other modifications will be apparent 
to and can be readily made by those skilled in the art 
without departing from the scope and spirit of this inven- 
tion. Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1. An optical communications module for use in an 
optical transfer system for bidirectional ly transfer- 
ring a light signal through an optical fiber, the opti- 
cal communications module having a light signal 
transmission capability, 

wherein the optical communications module 
comprises: 

a semiconductor laser; 

an optical fiber coupled to a front facet of the 
semiconductor laser: 

a light splitting element for splitting light which 
is emitted from the front facet of the semicon- 
ductor laser and propagated within the optical 
fiber; and 

an output-monitoring photodiode for receiving 
a portion of the light which has been split by the 
light splitting element as monitoring light, and 
generating a photocurrent based on the moni- 
toring light, the photocurrent being used for 
controlling optical output of the semiconductor 
laser. 

2. An optical communications module according to 
claim 1, 

further comprising a high reflectance film on a rear 
facet of the semiconductor laser. 



3. An optical communications module according to 
claim 2, 

wherein the semiconductor laser is a laser device 
selected from a group comprising narrow diver- 
5 gence angle laser devices and spot size conversion 

laser devices. 

4. An optical communications module according to 
claim 3, 

10 wherein the semiconductor laser comprises a DFB 
laser device. 

5. An optical communications module according to 
claim 2, 

15 wherein the semiconductor laser is a high power 
laser device for use as a pump light source. 

6. An optical communications module according to 
claim 1 , 

20 comprising an optical fiber-embedding type optical 
circuit, the optical fiber-embedding type optical cir- 
cuit comprising the optical fiber being embedded in 
an optical fiber-embedding substrate. 

25 7. An optical communications module according to 
claim 6, 

wherein the light splitting element comprises 
a half mirror which is inserted in the optical fiber- 
embedding substrate at an angle with respect to a 
30 central axis of the optical fiber, the half mirror lying 
in an optical path within the optical fiber. 

8. An optical communications-module according to 
claim 7, 

35 further comprising: 

a reception photodiode mounted on an upper 
face of the optical fiber-embedding substrate; 
and 

40 a metal total reflection film provided on a bot- 

tom face of the optical fiber-embedding sub- 
strate, 

wherein the output-monitoring photodiode is 
mounted on the upper face of the optical fiber- 

45 embedding substrate, and 

wherein an external light signal propagated 
through the optical fiber is reflected from the 
half mirror so as to be received by the reception 
photodiode, and 

so the monitoring light is reflected by the half mir- 

ror and the metal total reflection film so as to be 
received by the output-monitoring photodiode, 
whereby the optical communications module 
has an optical signal transmission/reception 

55 capability. 

9. An optical communications module according to 
claim 7, 
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further comprising a reception photodiode mounted 
on an upper face of the optical fiber-embedding 
substrate, 

wherein the output-monitoring photodiode is 
mounted on a bottom face of the optical fiber- 
embedding substrate, and 

wherein an external light signal propagated 
through the optical fiber is reflected from the half 
mirror so as to be received by the reception photo- 
diode, and 

the monitoring light is reflected by the half mir- 
ror so as to be received by the output-monitor- 
ing photodiode, 

whereby the optical communications module 
has an optical signal transmission/reception 
capability. 

10. An optical communications module according to 
claim 7, 

wherein the output-monitoring photodiode is 
mounted on an upper face of the optical fiber- 
embedding substrate, and 

wherein the monitoring light is reflected by 
the half mirror so as to be received by the output- 
monitoring photodiode, and 

wherein the half mirror has a reflectance in a 
range of about 5% to about 15% with respect to an 
emission wavelength of the semiconductor laser. 

11. An optical communications module according to 
claim 7, 

wherein an interspace between the optical 
fiber-embedding substrate and a light-receiving 
face of the output-monitoring photodiode is sub- 
stantially filled with a resin whose refractive index is 
matched with a refractive index of a material com- 
posing the fiber embedding substrate. 

12. An optical communications module according to 
claim 7, 

further comprising an antiref lective film with 
respect to an emission wavelength of the semicon- 
ductor laser in a light-incidence region of a light- 
incidence face of the output-monitoring photodiode. 

13. An optical communications module according to 
claim 7, 

further comprising a metal light-shielding film on a 
surface of the output-monitoring photodiode in 
regions except for a light-receiving region and a 
light-incidence region for allowing incident light to 
pass through. 

14. An optical communications module according to 
claim 7, 

further comprising a light-shielding resin substan- 
tially covering facets other than an upper face and a 



bottom face of the output-monitoring photodiode. 

15. An optical communications module according to 
claim 9, 

s wherein the optical communications module 

is mounted in a package, and 

wherein the output-monitoring photodiode 
mounted on the bottom face of the optical fiber- 
embedding substrate is located within a concavity 

10 formed in a bottom face of the package. 



20 



25 



30 



35 



40 



45 



50 



15 



EP 1 008 880 A2 




EP 1 008 880 A2 




17 



EP 1 008 880 A2 




18 



EP 1 008 880 A2 




FIG.4D / \ \ 




EP 1 008 880 A2 



FIG. 5 A 44 42 




20 



EP 1 008 880 A2 




EP 1 008 880 A2 




22 



EP 1 008 880 A2 




23 



EP 1 008 880 A2 




A* 



24 



EP 1 008 880 A2 




25 



EP 1 008 880 A2 



FIG. 1 1 



Example 2 



E 



CM 



CO 
• — 

P 



E 
o 

<D 

00 



Example 1 






i 




—1 1 1 J 1 1 1 


— | — r — i — i — i — | — i i i i — 
^^^^^ 




r~ 




87#m | 
_i J 














1 1 ■ 1 1 1 1 1 _U_J_ 


1— u. 


H5/zm| 

A— I 1 1 1 



500 1000 ..- 1500 2000 2500 

Optical path length (vm) 
within quartz substrate 



26 



EP 1 008 880 A2 



FIG. 12 



Mounting margin for 
output-monitoring photodiode 



0.8 



0.6 




0.4 



0.2 



-100 



-50 



50 



100 



offset of optical axis ( Mm) 



Example 1 

Example 2 

Example 3 



27 



EP 1 008 880 A2 




28 



